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Abstract 
In recent years the evaluation of U-value for buildings materials has been seen. Since 1st January 2014  
U-value can’t be higher than 0,25 [W/m2K], but since 2017 this value will be 0,23 and 0,20 from 2021. Therefore, a 
good solution to fulfill mentioned conditions is using buildings material with better thermos insulation. One of the 
best construction materials, which have very low λ value [W/mK] is an autoclaved aerated concrete (AAC). It’s the 
reason why AAC is the most popular buildings material from years. AAC could be produced with using various 
aggregates, like sand or fly ash. Test results of thermal conductivity clearly shown that AAC based on siliceous fly 
ash have better λ value than sand AAC in the same density. Polish energy policy is based on coal and production 
AAC based on siliceous fly ash is a great solution to utilization this waste. Autoclaved aerated concrete has better λ 
value than other available construction materials in polish market. Lower density have good impact on environment, 
because lower weight caused possibility to transport more products by the same truck and also it means less waste 
from buildings made from AAC in the future. This waste can be used again in normal production process of AAC. 
Due to these facts were undertaken studies of possibility of production AAC in 350 [kg/m3] density in PGS process 
technology. The PGS process technology is a very specific because in a production cement is not used. As a binder 
are used only: quick lime, gypsum and some part of fly ash. The most important properties of AAC were tested, 
like: compressive strength, density, λ value or phase composition. Production AAC in lower density could be the 
next step to improve that it’s an environmental friendly material for energy-efficient constructions.  
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1. Introduction 
Since 1 January 2014 in Poland there have been obviously new requirements of Energy Performance of Buildings 
Directive (EPBD), which the main purpose is to reduce energy consumption of heating buildings. The directive is 
intended to well managed earth resources, which the result is introduction a new value of heat transfer coefficientUc 
for external walls. Since 2014 Uc value can't be lower than 0.25, from 2017 0.23 and from 2021 0.20W/m2K, what 
were given in Table 1.   
Table 1. Uc(max) value in next year's in Poland for external walls 
Temperature inside 
Uc(max) value 
from 2014 from 2017 from 2021 
Internal temperature Ti ≥ 16oC 0.25 0.23 0.20 
Internal temperature 8oC ≤ Ti< 16oC 0.45 0.45 0.45 
Internal temperature Ti ≤ 16oC 0.90 0.90 0.90 
 
Autoclaved aerated concrete is a material, which matches very well to current and future heat transfer co-
efficiency. A low thermal conductivity is caused by a huge amount of small pores, which are filled by air. The 
quantity of pores increases with decreasing of density of autoclaved aerated concrete (AAC†). As it is known AAC 
is based on fly ash, this has better thermal insulation than sand based AAC with the same density and it is the reason 
why authors take investigation to perform autoclaved concrete based on fly ash in density 350 kg/m3.  
 The autoclaved aerated concrete is an attractive on the world market and in Polish market its share in wall 
elements market is higher than 40% [1,2]. AAC is material, which beginnings are dated back to the late XIX and 
early XX century. The aluminum powder was used first time in 1914 [3] and autoclaving process in 1923 [4], 
recently it has been used to foam. The first factories in Poland started production in 1951. At this timea few Polish 
process technologies were created, such as: UNIPOL (Universal technology of AAC production), SW (Slow-
settings silicate based concrete), PGS (Aerated silicate-based concrete)[5-8].  
AAC is produced using cement, burnt lime, gypsum and siliceous materials like sand or fly ash and as a foaming 
agent aluminum powder is used. Following the reaction time of several hours, soft and workable mass is cut on 
cutting line [9] and cured under hydrothermal conditions between 5-10 hours at 180-190oC using saturated steam at 
pressure between 10-12 bar. The final products in accordance to PN-EN 771-4:2012 have an average compressive 
strength between 1.5 - 8.0 N/mm2 and density not higher than 1000 kg/m3.  
Owing to use hydrothermal conditions AAC can improve its properties in such short time, because with 
increasing temperature and time of autoclaving process, the solubility of siliceous material goes up [10], which 
causes the aggregate is used as a binder. The most common product of hydration in AAC is: C-S-H‡ [11-18], 
tobermorite [19-37] which was the subject of many investigation, or hydrogarnets [38-43] which are present in AAC 
if fly ash appears in starting mixture.  
PGS process technology is a very specific production process of autoclaved aerated concrete, because the cement 
is not used. As a binder are used only: burnt lime, gypsum and some part of siliceous fly ash. As it is known, Polish 
 
 
†AAC – Autoclaved Aerated Concrete 
‡C-S-H – Calcium Silicate Hydrates  
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of the Operational Research in Sustainable Development and Civil 
ngineering - meeting of EURO working group and 15th German-Lithuanian-Polish colloquium
41 Paweł Walczak et al. /  Procedia Engineering  122 ( 2015 )  39 – 46 
energy policy is built on coal and production AAC based on fly ash is an ideal direction to utilize this waste. 
Eventually location close to electric plant can result in low costs of transport of raw materials and production of 
steam, which can be utilized from electric plant, too. In Figure 1 it was shown the diagram of PGS process 
technology [44].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. PGS process technology 
2. Materials and test methods 
2.1. Materials 
Materials chosen for the experimental are a commercial burnt lime and gypsum, which are used very often in 
production autoclaved aerated concrete in PGS process technology. Used siliceous fly ash was obtained from 
Skawina electric plant. Due to using PGS process technology burnt lime with T60 26 minute in according to EN 
197-1:2012was used . The chemical composition of all raw materials: burnt lime, gypsum and fly ash were made 
according to 196-2:2006 and all results were given in the Table 2.  
       Table 2. Chemical composition of raw materials 
Content, % Burnt lime Gypsum Fly ash 
SiO2 2.4 3.6 49.0 
SO3 0.4 39.8 0.7 
Fe2O3 1.1 0.4 6.8 
Al2O3 0.0 0.0 24.4 
CaO 89.8 31.4 4.2 
MgO 3.0 1.7 3.2 
Na2O 0.2 0.2 1.7 
K2O 0.0 0.2 3.4 
TiO2 0.0 0.1 1.1 
LOI 3.1 22.6 5.5 
Specific surface area, cm2/g 2900 3700 4300 
 
Samples prepared in investigation were made in technology scale in regular production plant. Burnt lime, gypsum 
and some parts of fly ash were milled together as a binder. Next binder was mixed with the rest of dry fly ash, a part 
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of green waste, water and aluminum powder. All samples had the same raw composition with constant CaO/SiO2 
ratio 0.437 and CaO/(SiO2+Al2O3) ratio 0.339. After mixing all samples were cast in 4.25 m3 steal moulds. Initially 
samples hardened at atmosphere pressure and temperature 65oC for about 180 minute and after that were cut on 
cutting line and were autoclaved at 182oC under hydrothermal conditions with steam pressure 11.5 bars by 8 hours.  
2.2. Test methods 
All samples were prepared and all tests were performed in accordance with PN-EN 771-4:2012. After 
autoclaving process 100 mm cubic were cut from blocks, as is shown in Figure 2. 
 
 
 
 
 
 
 
 
 
   
Fig. 2. System of cutting cubic samples from AAC block 
 
6 cubic  are cut of one block: 2 from 1/3 highness from top of block, 2 from the middle of blocks, and 2 cubic 
from 1/3 highness from bottom of blocks. Three cubic (one of each level) are used to determine the density and 
three to determine compressive strength. After cutting samples were dried at 105oC ± 5oC to constant mass to 
examined dry density.  The next cubic cut from the same blocks were dried at 50oC to moisture content 6% and after 
cooling compressive strength were performed on 100 mm cubic samples in temperature 20oC using hydraulic press 
PW 10.  
Chemical compositions of samples were determined by X-Ray analysis using Philips PW 1130 and 
microstructure using Scanning Electron Microscope Nova Nano SEM 200 with EDS analyzer EDAX.  
Thermal conductivity measurements were done in accordance with PN-EN ISO 6946:1999 using FOX 314. 
Tested were samples made in this investigation and other samples based on sand and fly ash in different density.  
3. Test result and discussion  
Average dry density and compressive strength results of samples were shown in Table 3.  
        Table 3. Dry density and compressive strength results 
Samples  AAC 1 AAC 2 AAC 3 
Average dry density, kg/m3 365 ± 5 360 ± 5 340 ± 5 
Average compressive strength 1.6 ± 0.1 2.3 ± 0.1 1.6 ± 0.1 
 
In accordance with PN-EN 771-4:2012 load bearing wall elements have to compressive strength not lower than 
1.5 N/mm2, and all made samples in investigation have higher compressive strength. Differences in density are not 
higher than 15 kg/m3 in according to designed density.  
All collected thermal conductivity value - λ for samples made in this investigation and for different density both: 
autoclaved aerated concrete based on sand and siliceous fly ash is given in the Figure 3. 
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Fig. 3. Thermal conductivity value results 
 
The thermal conductivity is decreased with the decrease of dry density of AAC. As can be seen autoclaved 
aerated concrete based on fly ash has lower λ value than autoclaved aerated concrete  is based on sand with the same 
dry density. Samples performed in investigation had 345 kg/m3 dry density and λ value 0,074 W/mK. Sand based 
AAC should have about 15 kg/m3 lower density in order to have the same thermal conductivity value. It means, 
using AAC based on fly ash could caused thins external walls with the same U value, or better thermal conductivity 
or reduce insulation thickness. The difference in thermal conductivity between sand and fly ash based autoclaved 
aerated concrete are caused by phase compositions of starting materials: sand and fly ash. As it is known sand has a 
crystalline structure and siliceous fly ash mainly is like a glass, which content is between 30 - 80% [45-47]. It 
caused, a phase composition is different, too, what was observed using SEM, and shown in Figure 4.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4. SEM of samples: AAC based on fly ash (left) and AAC based on sand (right) 
44   Paweł Walczak et al. /  Procedia Engineering  122 ( 2015 )  39 – 46 
Fly ash contains a lot of glass, therefore can be observed differential phase compositions: tobermorite like fiber, 
gel C-S-H or hydrogarnets, what is caused by high content Al2O3 in fly ash. In sample of sand AAC only 
tobermorite like platecan be observed.This phase composition was confirmed by XRD tests.  
AAC thermal conductivity is improved with decreasing of its density. Autoclaved aerated concrete is one of the 
best building materials with very good thermal conductivity properties. In the Figure 5 there were given 
comparisons of different kind of popular buildings materials in Poland.    
  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Thickness of external wall with U value 0.25 made with different kind material 
 
The thickness of walls in Figure 5 was calculated using declared λ value in the websites of different manufactories 
to achieve U value equal to 0.25 W/m2K.The difference between sand and fly ash AAC in density 350 is only 7 cm, 
but external wall made from Ceramic should be 44 cm thicker than wall made from fly ash based AAC in density 
350.   
Better thermal conductivity is not only advantage of AAC in lower density. Lower density means less waste in the 
future and more eco-friendly product, and better transport capacity. In Figure 6 there were shown a comparison of 
transport capacity of different materials (including moisture content of material).  
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Fig. 6. Transport capacity of different buildings material 
 
As a reference transport ase used AAC in density 600. The transport of traditional concrete, or silicate caused lower 
transport capacity and higher environmental pollution by trucks. Using AAC in density 300 can transport twice as 
much more material than in case of using AAC 600 density.  
5. Conclusions 
The following conclusions can be made based on the results of this investigation: 
x production autoclaved aerated concrete based on fly ash in density 350 kg/m3 is possible,  
x autoclaved aerated concrete based on fly ash has better thermal insulation than autoclaved aerated concrete based 
on sand of the same density, 
x product of hydration in fly ash AAC is less crystalline than in sand based AAC,   
x using AAC in lower density increases transport capacity and reduces environmental pollution, 
x using AAC in lower density causes reducing thickness of external walls, or reducing insulation thickness. 
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